The antiluteolytic effect of prostaglandin (PG) E2 was tested in two experiments. In experiment I, seven nonpregnant ewes that had ovulated bilaterally, were laparotomized on day-11 postestrus. Uterine horns were isolated by ligatures between the internal and external bifurcations and around blood vessels in the intercornual area. An Alzet TM minipump (25 • 6.5 ram) containing PGE2 (delivery rate of 37.5 /ag/hr for 7 days) was inserted into the lumen of one uterine horn and a minipump containing vehicle was inserted into the lumen of the other horn. Minipumps were replaced on days-17 and-23 in ewes that had not returned to estrus. On day-17, uterine and ovarian venous blood was collected from each side and assayed for PGF2c~, PGE 2 (uterine vein) and progesterone (ovarian vein). Ewes that returned to estrus were necropsied and weights of corpora lutea (CL) obtained. Five ewes returned to estrus. Cycles in these ewes tended (P=.I) to be longer (17.8 -+ .4 A minipump containing PGE2 (delivery rate of 75 /ag/hr) or vehicle was inserted into the uterine lumen ipsilateral to the CL on day-11 in 16 nonpregnant ewes that ovulated unilaterally in experiment II. Minipumps were replaced every 7 days until estrus or day-40. One ewe treated with PGE2 did not return to estrus by day-40. Treatment with PGE 2 increased the variance (P<.05) but not the mean of the cycle lengths as compared with controls (18.3 • .8 vs 17.2 +_ .3 days) in ewes that returned to estrus. Prostaglandin E 2 delayed the normal decline of progesterone at the end of the estrous cycle (P=.05) but did not affect the secretion of LH observed either twice daily or at 15-min intervals for 2 hr on day-13 postestrus. While PGE2 at the doses tested had a local antiluteolytic effect in some ewes, consistent lengthening of luteal life-span by more than 2 days was not obtained.
ewes' previous cycle (16.6 + .2 days). In two ewes that did not return to estrus by day-23 and-30, weight of CL and ovarian venous progesterone indicated unilateral maintenance of CL ipsilateral to the PGE 2-treated horn. PGF2~ and PGE2 in venous plasma did not differ between uterine horns.
A minipump containing PGE2 (delivery rate of 75 /ag/hr) or vehicle was inserted into the uterine lumen ipsilateral to the CL on day-11 in 16 nonpregnant ewes that ovulated unilaterally in experiment II. Minipumps were replaced every 7 days until estrus or day-40. One ewe treated with PGE2 did not return to estrus by day-40. Treatment with PGE 2 increased the variance (P<.05) but not the mean of the cycle lengths as compared with controls (18.3 • .8 vs 17.2 +_ .3 days) in ewes that returned to estrus. Prostaglandin E 2 delayed the normal decline of progesterone at the end of the estrous cycle (P=.05) but did not affect the secretion of LH observed either twice daily or at 15-min intervals for 2 hr on day-13 postestrus. While PGE2 at the doses tested had a local antiluteolytic effect in some ewes, consistent lengthening of luteal life-span by more than 2 days was not obtained. (Key Words: Ewe, Corpus Luteum, PGE2, Antiluteolytic, Progesterone.)
INTRODUCTION
In sheep, both luteolysis (Inskeep and Butcher, 1966) and the antiluteolytic effect of the conceptus (Moor, 1968 , Inskeep et al., 1975 Pratt et al., 1977) are mediated locally. Mapletoft et al., (1976) used surgical anastomoses of blood vessles to demonstrate that the main uterine vein and the ovarian artery constitue the proximal and distal components of a local veno-arterial pathway by which the antiluteolytic factor(s) are transferred. The naturally-occurring uterine luteolysin, prostaglandin 1441 JOURNAL OF ANIMAL SCIENCE, Vol. 48, No. 6 (1979) F2a is transferred by this same route (Goding, 1974; Ginther, 1974) . However, the conceptus does not appear to suppress the synthesis or release of PGF2a in pregnant ewes (Wilson et al., 1972; Thorburn et al., 1973; Pexton et al., 1975a,b; Nett et al., 1976; Lewis et al., 1977) . Thus, the antiluteolytic effect, like luteolysis, must involve a small, rapidly metabolized molecule.
Prostaglandin E2 is similar to PGF2a in structure (Bergstrom et al., 1968) and is metabolized rapidly by the lungs (Ferreira and Vane, 1967) . Prostaglandin E2 has been shown to bind to receptors in dispersed cells of bovine corpora lutea of pregnancy (Lin and Rao, 1978) and to increase synthesis of progesterone in vitro when incubated with bovine corpora lutea (Sellner and Wickersham, 1970; Speroff and RamweU, 1970) . Prostaglandin E2 may have antiluteolytic properties similar to those of the ovine conceptus. It prevented PGF2a-induced luteolysis (Henderson, et al., 1977; Mapletoft et al., 1977) and maintained CL of the estrous cycle for approximately 2 days when injected three times per day into the uterus (Pratt et al., 1977) in nonpregnant ewes. These findings must be interpreted cautiously because injections of PGE2 into the third ventricle of the brain caused a release of LH in rats (Chobsieng et al., 1975) , and continuous infusion of LH can maintain luteal function to day-20 in ewes (Karsch et al., 1969) . The present investigations were designed to determine whether continuous administration of PGE2 can maintain luteal function in a local manner without affecting concentrations of LH in peripheral plasma or concentrations of PGF2a in uterine venous plasma.
MATERIALS AND METHODS
On day-ll postestrus (estrus = day 0), ewes with previous estrous cycles of 15 to 18 days in length were laparotomized under sodium pentobarbital anesthesia. Uteri and ovaries were exposed and corpora lutea were marked with India ink. Experiment I. In seven ewes that had ovulated bilaterally, the uterine horns were isolated by placing ligatures around the uterine horns between the internal and external bifurcation and around blood vessels in the intercornual area ( figure 1 ). An Alzet Osmotic minipump TM (6.5 • 25 ram; Alza Corp., Palo Alto, CA) containing PGE2 was inserted into the lumen (5-10 cm from the tubal end) of a randomly assigned uterine horn. A minipump containing vehicle (.1M sodium phosphate buffer, pH 6.4, with 5% EtOH) was inserted into the other horn. These minipumps have a delivery rate of .91 /al/hr (Dr. S. Hoff, Alza Corp., Palo Alto, CA, personal communication) for 7 days. The dose of PGE2 (37.5 #g/hr) was equivalent in total to the lowest dose of PGE2 used previously (Pratt et al., 1977) .
On day-17 postestrus ewes were relaparotomized and blood was collected from the uterine (10 ml) and the ovarian (1 to 3 ml) branches of the left and right ovarian veins into heparinized syringes and needles (20 to 22 ga). Synthesis of prostaglandins by platelets was prevented by the addition of .1 ml of .1 N HC1 per milliliter of uterine effluent immediately after collection (Smith and Willis, 1970) . Plasma was analyzed for PGE2 and PGF2o~ (uterine vein) or progesterone (ovarian vein) by radioimmunoassays. The minipumps were replaced on day-17 in ewes that had not returned to estrus. An additional minipump was inserted on day-23 in one of two ewes that had not returned to estrus by day-23. At estrus or on day-23 or-30 in the ewes that did not return to estrus, minipumps were recovered and weights of excised corpora lutea recorded.
Experiment II. To test a higher dose of PGE 2 and to determine if PGE2 altered the pattern of secretion of LH, a second study was conducted. In 16 ewes that ovulated unilaterally, a minipump containing either PGE2 (to deliver 75 /ag/hr for 7 days; eight ewes) or vehicle (eight ewes) was inserted into the lumen of the uterine horn ipsilateral to the corpous lutem. The minipumps were restricted to the ipsilateral uterine horn by a loose ligature placed around the horn between the internal and external bifurication. Minipumps were replaced every 7 days until estrus or day-40.
Jugular blood (5 ml was taken just prior to anesthesia and every 12 hr thereafter until estrus or day40 if ewes did not return to estrus. On the morning of day-13 additional jugular blood samples were taken every 15 min for 2 hours. Daily blood samples were assayed for plasma LH and progesterone and the frequent samples on day-13 were assayed for LH. At estrus or day-40, weights of excised corpora lutea were recorded.
Hormone Analyses. Progesterone and LH were quantified by radioimmunoassays (Butcher, 1977) . Ovarian venous progesterone (experiment I) was extracted using .1 ml of plasma and 7 ml of diethyl ether and chromatographed using celite columns (Butcher et al., 1974) . Progesterone in jugular plasma (experiment !I) was assayed directly after the ether extraction. The intraclass correlation of duplicate samples with and without column chromatography was .96 (n=32). Extraction, chromatography and radioimmunoassay procedures for PGF2a and PGE2 have been described by Lewis et al. (1978) .
Statistical analyses. Paired t-tests were used in experiment 1 to determine differences: (1) between the length of the previous estrous cycle and estrous cycle during which treatment was applied; (2) between uterine horns treated with PGE2 or vehicle in the concentrations of uterine venous PGFz~ and PGE2 and (3) between sides adjacent and opposite to treatment in ovarian venous progesterone and weights of corpora lutea. In experiment II, analysis of variance was used to compare lengths of the estrous cycles and weight of corpora lutea in ewes treated with PGE2 and control ewes. The contingency chi-square test was used to compare the proportions of ewes with cycle lengths greater than 18 days.
Patterns of concentrations of LH and progesterone in jugular plasma were compared by least squares analysis of variance using a split plot design as described by Fogwell et al. (1978) . The blood samples collected twice daily for assay of LH included samples up to 24 hr before estrus. The twice daily blood samples for progesterone were partitioned into three time periods: 1) days 11 through 15 (during normal luteal function), 2) days 15.5 through 18 (during normal luteal regression) and 3) after day-18, the time of extended luteal function in some of the ewes treated with PGE2 (figure 2). The third time period was not included in the statistical analysis because none of the control ewes had extended luteal function. Figure 2 . Progesterone in jugular plasma of ewes treated with PGE 2 and control minipumps in Experiment 1I. Each point is the mean with standard error for eight observations except where indicated. Samples were collected twice daily.
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RESULTS AND DISCUSSION
Experiment I. Five of the seven ewes returned to estrus. The estrous cycles during which treatment was applied tended to be longer than previous cycles in these five ewes (17.8 + .4 vs 16.6 + .2 days; P=.I). Two ewes did not return to estrus by day 23; one of these was implanted with a third minipump at that time and did not return to estrus by day-30. These ewes were necropsied at days-23 and -30, respectively. There were no differences in the uterine venous concentrations of PGF~a or PGE2 on day-17 postestrus between uterine horns with minipumps delivering PGE2 and those containing the control minipumps (table  1) . There were no differences in concentrations of ovarian venous progesterone on day-17 and weights of corpora lutea at necropsy between sides adjacent to the uterine horns receiving PGE2 and vehicle in the five ewes that returned to estrus (table 1).
In the two ewes that did not return to estrus, ovarian venous progesterone (ng/ml) on the side ipsilateral to the uterine horn that received PGE2 averaged 1217 -+ 578 on day-17 as compared to 330 -+ 17 ipsilateral to the control uterine horn (table 1) . In addition, corpora lutea ipsilaterat to the uterine horn treated with PGE2 appeared functional at necropsy and weighed over 700 mg, whereas, corpora lutea ipsilateral to the control uterine horn appeared non-functional and averaged 161 mg (table 1). It appears that PGE2 had a local antiluteolytic effect in two of seven ewes.
Experiment II. Seven of the eight ewes treated with PGE2 returned to estrus by day-23 (X = 18.3 +-.8 days; range 15.5 through 23 days), whereas all eight control ewes returned to estrus (X = 17.2 -+ .3 days; range 16.0 through 18.5 days). Treatment with PGE2 increased the variance in length of estrous cycles and the proportion of ewes with cycle lengths greater than 18 days (P<.05; table 2). Intrauterine treatment with PGE2 increased the length of the estrous cycle 2.1 days as compared to the previous cycle, whereas, the control ewes had an increase of only .6 days (table 2) . This result is similar to that obtained with intrauterine injections of PGE~ (Pratt et al., 1977) . Weights of corpora lutea at estrus did not differ (table 2) . One ewe treated with PGE2 did not return to estrus. The corpus luteum appeared to be normal at each laporatomy and weighed 721 mg at necropsy on day-40 and jugular plasma progesterone in this ewe remained above 2 ng/ml throughout treatment. Treatment with PGE2 altered the normal decline of progesterone at the end of the estrous cycle (P = .05, figure 2) . Concentrations of plasma LH were not different either between treatments or over time in ewes observed either twice daily or at 15-min intervals for 2 hr on day-13 postestrus (table 2) .
Discussion
From data obtained in these two experiments and a previous report (Pratt et al., 1977) it is suggested that intrauterine treatment with PGE2 is capable of extending luteal function in a local manner, but for only an average of 2 days at the doses tested. The response was variable with corpora lutea being maintained for extended periods in only three of 15 ewes. Mapletoft et al. (1977) maintained weights of corpora lutea that were subjected to a luteolytic dose of PGF2~ (a perivascular injection of 80 vg into the mesovarium) with a concurrent injection of 305 to 345 gtg of PGE2 in nonpregnant ewes that were 8 through 10 days postestrus. Henderson et al. (1977) , used ewes with ovaries autotransplanted to the neck and found that concentrations of progesterone were maintained in ewes during an infusion with PGE2 and PGF20~ (4 hr infusion at a rate of 10 gtg/hr for each prostaglandin), whereas, concentrations of progesterone declined rapidly with infusions of PGF2 ~ alone. aThe delivery rate of PGE 2 was 75 t~g/hour.
bone ewe did not return to estrus by day-40 and the CL was maintained (721 mg).
CSignificant difference between treatments (P<.05).
dMeans of the estrous cycles were not different but there was a significant difference in the variance (P<.05).
The possibility that intrauterine PGE2 was either suppressing uterine PGF2a or increasing the plasma concentration of LH and thereby delaying luteolysis does not appear to be a feasible explanation for the mechanism of action of PGE2 on corpora lutea. Whether the effect of PGE2 is directly on luteal cells or is mediated through a secondary response is not known. Prostaglandin E2 has been shown to bind to receptors on dispersed bovine luteal cells (Lin and Rao, 1978) . It is possible that PGE 2 could be counteracting the vasoconstrictire (Pharris, 1970) or other vascular (O'Shea et al., 1977) action of PGF2~ since PGE2 is a vasodilator (Strong and Bohr, 1967) .
Recently it was reported that both PGE2 and PGE l infused into the uterus (3.0 mg per day in six equal parts) can counteract either estrogen-induced or IUD-induced luteolysis and that these antiluteolytic actions are mediated locally Hoyer et al., 1978; Magness et al., 1978) . However, Lewis et al. (1978) found that the profiles of uterine venous PGE2, collected by indwelling cannula, did not differ between pregnant and nonpregnant ewes on days-15 and-16 postestrus. They observed that concentrations of PGE2 were not different in endometrium and uterine venous tissue between pregnant and nonpregnant ewes on day-16 postestrus. However, concentrations of PGE2 in ovarian arterial tissue tended to be greater in pregnant than nonpregnant ewes.
Whether the observed antiluteolytic effect of PGE2 has a physiological basis or is a pharmacological phenomenon is yet to be deter--mined.
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